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(57)Abstract: 

PROBLEM TO BE SOLVED: To expose in a projective way a pattern on an 
original plate to a substrate with a high resolution and a predetermined focal 
depth, by utilizing an inclined incident illumination method. 
SOLUTION: Guiding a beam from a light source means 1 to an optical integrator 
4 via an optical system 3, a pattern on the surface of an original plate 7 is 
illuminated by the beam from the outgoing surface of the optical integrator 4 to 
expose in a projective way the pattern to a substrate 9 through a projective 
optical system 8. Hereupon, in the optical system 3, an optical element 3b is 
provided in the position having a pupil relation to the incident surface of the 
optical integrator 4 to obtain by this optical element 3b an optical intensity 
distribution with a predetermined value in the central region of the pupil surface 
of the projective optical system 8 and obtain a plurality of optical intensity 
distributions with predetermined values in the equally spaced circumferential 
positions of the periphery of the central region. 
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CLAIMS 



[Claim(s)] 

[Claim 1]The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, A 
pattern on a negative side is illuminated by light flux from an emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, this optical system has an optical element in a 
position which has a pupil relation to an entrance plane of this optical integrator, and by this optical element on a pupil surface of this 
projection optical system, An exposure device characterized by having the light intensity distribution of a predetermined value in the 
central region, and trying to have the light intensity distribution of two or more predetermined values in a position at equal intervals in 
a surrounding hoop direction of this central region. 

[Claim 2]An exposure device of Claim 1, wherein said optical element comprises prism of **** dropping ****** in each ridge line and 
a vertical angle of 4 pyramid-like prism, 8 pyramid-like prism, or 4 pyramid-like prism. 

[Claim 3]An exposure device of Claim 1, wherein said optical system has an optical means which can change a focal distance. 
[Claim 4]An exposure device of Claim 1 being able to detach and attach said optical element freely from inside of an optical path. 
[Claim 5]The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, A 
pattern on a negative side is illuminated by light flux from an emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, near the emission face of this optical integrator, 
have a transmittance control means by which transmissivity differs selectively, and by this transmittance control means on a pupil 
surface of this projection optical system, An exposure device characterized by having the light intensity distribution of a 
predetermined value in the central region, and trying to have the light intensity distribution of two or more predetermined values in a 
position at equal intervals in a surrounding hoop direction of this central region. 

[Claim 6]An exposure device of Claim 5 for which said transmittance control means is characterized by transmissivity of two or more 
fields having become a position at equal intervals from a large ND filter in a surrounding hoop direction of a central region compared 
with transmissivity of this central region. 

[Claim 7]An exposure device of Claim 1 being able to detach and attach said transmittance control means freely from inside of an 
optical path. 

[Claim 8]The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, A 
pattern on a negative side is illuminated by light flux from an emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, near an entrance plane of this optical integrator, 
or/and the emission face, it has an opening or/and an adjustment device which can control transmissivity for each [ which 
constitutes this optical integrator ] microlens of every, An exposure device characterized by having the light intensity distribution of a 
predetermined value on a pupil surface of this projection optical system by this adjustment device in the central region, and trying to 
have the light intensity distribution of two or more predetermined values in a position at equal intervals in a surrounding hoop 
direction of this central region. 

[Claim 9]An exposure device of Claim 8 being able to detach and attach said aojustment device freely from inside of an optical path. 
[Claim 10]The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, A 
pattern on a negative side is illuminated by light flux from an emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, have a diaphragm means of aperture shape specific 
ahead of an entrance plane of this optical integrator, and by this diaphragm means on a pupil surface of this projection optical system, 
An exposure device characterized by having the light intensity distribution of a predetermined value in the central region, and trying 
to have the light intensity distribution of two or more predetermined values in a position at equal intervals in a surrounding hoop 
direction of this central region. 

[Claim 11]An exposure device of Claim 10, wherein said diaphragm means is movable to an optical axis direction. 

[Claim 12]Claim 10 being able to detach and attach said diaphragm means freely from inside of an optical path, or 1 1 exposure 

devices. 

[Claim 13]An exposure device of Claim 5, wherein said optical system has an optical means which can change a focal distance, 6 and 
8, or 10. 

[Claim 14]An exposure device of 13 given in any 1 clause from Claim 1 to which said optical system is characterized by trying for a 
luminescent surface of said light source means and an entrance plane of said optical integrator to serve as abbreviated conjugation 
relation. 

[Claim 15]An exposure device of Claim 1, wherein said optical means is as exchangeable as other lens systems which differ in a zoom 
lens or a focal distance variable in a focal distance, 2, or 13. 

[Claim 16]An exposure device of 15 given in any 1 clause from Claim 1, wherein said light source means uses an extra-high pressure 
mercury lamp. 

[Claim 17]A manufacturing method of a device currently manufacturing a device using an exposure device of 16 given in any 1 clause 
from Claim 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In what is called a stepper whose this invention is a manufacturing installation of various kinds of devices, such 
as IC, LSI, CCD, a liquid crystal panel, and a magnetic head, concerning the manufacturing method of the device which used an 
exposure device and it, It is suitable, when carrying out projection transfer of the circuit pattern on negatives (henceforth a "reticle"), 
such as a photo mask illuminated by the exposing light from a light source means, and a reticle, on the wafer surface which applied 
the sensitizing agent and manufacturing a device. 
[0002] 

[Description of the Prior Art]In the production technology of the latest semiconductor device, the trial which changes an exposure 
wavelength into i line from g line, and raises resolution by the exposing method using an ultrahigh pressure mercury lamp is performed 
£ that it is various and ]. Furthermore it is represented by excimer laser, the method of aiming at improvement in resolution is 
proposed [ that it is various and ] by using the pulsed light of short wavelength. 

[0003]As a means which makes resolution small as an exposure device (method), a raise in NA and short wavelength formation occur. 
Although it is inversely proportional to NA by high NA-ization and resolution becomes small, simultaneously, the direction of the depth 
of focus is inversely proportional to the square of NA, and becomes still smaller. Since the thing with the large depth of focus is 
desirable, there is a limit in high NAMzation naturally. 

[0004]on the other hand, these people by changing the lighting to a reticle side top with versatility, That is, by changing the light 
intensity distribution (effective light source distribution) of the zero order light formed on the pupil surface of a projection optical 
system, the projection aligner using the exposure method and it which heightened resolution more is proposed by JP.H4-267515.A or 
JP.H5-47628A for example. 

[0005]The lighting proposed by these is called what is called oblique incidence Lighting Sub-Division, and zona-orbicularis Lighting 
Sub-Division and quadrupole Lighting Sub-Division are well known also especially in it. Zona-orbicularis illumination (Annular) has an 
effective light source configuration of the shape of an anchor ring 1 1 1 as shown in drawing 1 1 on the pupil surface of a projection 
optical system. By cutting the light near the center of the effective light source which is not contributed to image formation to thin 
line width using a diaphragm etc., this is the technology which is going to raise resolution. Quadrupole Lighting Sub-Division has the 
effective light sources 121-124 of four prescribed strength on the pupil surface of a projection optical system in the position of the 
circumferencial direction which has a predetermined radius centering on the optic axis Sa as shown in drawing 1 2 . By cutting the light 
of the cross field 125 in addition to the light near an effective light source center, the resolution and the depth of focus of a pattern 
of the direction in every direction are raised by leaps and bounds. Generally, in almost all cases, the circuit pattern of IC or LSI 
comprises a figure which has a neighborhood in the direction in every direction, and since there are few patterns which have a 
neighborhood in an oblique direction, such illumination especially is effective. 
[0006] 

[Problem to be solved by the invention]Although a deformation illumination method (oblique incidence lighting) heightens resolution or 
has the feature that the depth of focus can also be lengthened comparatively, on the other hand, there are the following problems. 

- The approaching pattern adheres easily. 

- The isolated pattern becomes thin easily. 

- Illumination usually falls rather than Lighting Sub-Division. 

- The roughness-and-fineness nature and directivity of a pattern have restriction. Especially quadrupole Lighting Sub-Division has 
the low resolution of a slanting pattern. 

[0007]ln order to solve these problems, these people have proposed the illumination which forms an effective light source similar to a 
gently-sloping quadrupole by adding the light of near an effective light source center and a cross field to the effective light source 
distribution of quadrupole Lighting Sub-Division to some extent by JP.H5-47639.A. 

[0008] Drawing 13 is a mimetic diagram of the form of the effective light source at this time, without generating most faults which 
deformation illumination has, as moreover shown in drawing 14 , the depth of focus of this illumination (it calls the following 
"illumination A") usually improves rather than Lighting Sub-Division — zona-orbicularis Lighting Sub-Division — abbreviated — the 
equivalent depth of focus has been obtained. In this illumination A the illumination near an effective light source center to the light 
intensity of a peak About 1 0 to 40%, As for the position (distance from an effective light source center to a peak) of about 35 to 65%, 
and a peak, as for the illumination (illumination between peaks) between peaks, the result as which about sigmaO.5-0.6 may be 
sufficient is obtained the peak [ for ]. 

[0009]The illumination A of the point by these people uses an incoherent-ized optical system of once dividing a beam of light into two 
or more beams of light, and laying it on top of them again using excimer laser as a light source. 

[0010]This invention aiming at simplification of the whole illumination-light study system, and effective use of illumination luminous 
flux, when a light source means which improves the illumination A of the point by these people further, and emits incoherent lights, 
such as especially an extra-high pressure mercury lamp, is used. A pattern on a reticle side (on 1 negative) is illuminated 
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appropriately, and high resolution aims at offer of a manufacturing method of a device using an exposure device and it which were 

obtained easily. 

[0011] 

[Means for solving problem]An exposure device of this invention carries out the light guide of the light flux from a light source means 
(1-1) to an optical integrator via an optical system, A pattern on a negative side is illuminated by light flux from an emission face of 
this optical integrator, When carrying out projection exposure of this pattern on a substrate according to a projection optical system, 
this optical system has an optical element in a position which has a pupil relation to an entrance plane of this optical integrator, and 
by this optical element on a pupil surface of this projection optical system, It has the light intensity distribution of a predetermined 
value in the central region, and is characterized by trying to have the light intensity distribution of two or more predetermined values 
in a position at equal intervals in a surrounding hoop direction of this central region. 

[0012]Said (1-1-1) especially optical element comprises prism of **** dropping ****** in each ridge line and a vertical angle of 4 
pyramid-like prism, 8 pyramid-like prism, or 4 pyramid-like prism, (1-1-2) It is characterized by the ability to detach and attach [ that 
said optical system has an optical means which can change a focal distance, and ] said (1-1-3) optical element freely from inside of 
an optical path. 

[0013](1-2) The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, A 
pattern on a negative side is illuminated by light flux from an emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, near the emission face of this optical integrator, 
have a transmittance control means by which transmissivity differs selectively, and by this transmittance control means on a pupil 
surface of this projection optical system, It has the light intensity distribution of a predetermined value in the central region, and is 
characterized by trying to have the light intensity distribution of two or more predetermined values in a position at equal intervals in a 
surrounding hoop direction of this central region. 

[0014]It is characterized by the ability to detach and attach [ that, especially as for said (1-2-1) transmittance control means, 
transmissivity of two or more fields became a position at equal intervals from a large ND filter in a surrounding hoop direction of a 
central region compared with transmissivity of this central region, and ] said (1-2-2) transmittance control means freely from inside 
of an optical path. 

[0015](1-3) The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, The 
pattern on a negative side is illuminated by the light flux from the emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, control of an opening or/and transmissivity is 
possible for each [ which constitutes this optical integrator near the entrance plane of this optical integrator, or/and the emission 
face ] microlens of every, And it has an acjjustment device which can be inserted and detached from the inside of an optical path, has 
the light intensity distribution of a predetermined value on the pupil surface of this projection optical system by this adjustment 
device in the central region, and is characterized by trying to have the light intensity distribution of two or more predetermined values 
in a position at equal intervals in the surrounding hoop direction of this central region. 

[0016]Said especially (1-3-1) adjustment device is characterized by the ability to detach and attach freely from the inside of an 
optical path. 

[0017](1-4) The light guide of the light flux from a light source means is carried out to an optical integrator via an optical system, The 
pattern on a negative side is illuminated by the light flux from the emission face of this optical integrator, When carrying out projection 
exposure of this pattern on a substrate according to a projection optical system, have a diaphragm means of aperture shape specific 
ahead of the entrance plane of this optical integrator, and by this diaphragm means on the pupil surface of this projection optical 
system, It has the light intensity distribution of a predetermined value in the central region, and is characterized by trying to have the 
light intensity distribution of two or more predetermined values in a position at equal intervals in the surrounding hoop direction of 
this central region. 

[0018]It is characterized by the ability to detach and attach [ that said (1-4-1) especially diaphragm means is movable to an optical 
axis direction, and ] said (1-4-2) diaphragm means freely from the inside of an optical path. 

[0019]ln constituent features (1-1) - (1-4), (1-4-1) said optical system has an optical means which can change a focal distance (1-4- 
2) — said optical system so that the luminescent surface of said light source means and the entrance plane of said optical integrator 
may serve as abbreviated conjugation relation, carrying out (1-4-3) — other lens systems which differ in a zoom lens or a focal 
distance variable [ optical means / said ] in a focal distance, and exchangeable (1-4-4) — said light source means is characterized by 
using the extra-high pressure mercury lamp etc. 

[0020]The manufacturing method of the device of this invention is characterized by manufacturing using the exposure device of 

constituent features (2-1) (1-1) - (1-4) any 1 clause. 

[0021] 

[Mode for carrying out the invention] Drawing 1 is an outline block diagram showing Embodiment 1 of the exposure device of this 
invention, and is the example applied to the reduced type projected type exposure device called what is called a stepper. 
[0022]The light-emitting part 1 a is arranged near the 1 st focus of the elliptical mirror 2 with light sources (light source means), such 
as a high-intensity ultrahigh pressure mercury lamp in which one in a figure emits ultraviolet rays, a far ultraviolet ray, etc. It is 
condensed by the elliptical mirror 2 and light emitted from the light source 1 forms the image (light-emitting part image) 1b of the 
light-emitting part 1a near [ 2a ] the 2nd focus of the elliptical mirror 2. 

[0023]3 is an optical system and has the lens system (the 1 st condenser lens) 3a and two lens systems of lens system (2nd 
condenser lens) 3C, Image formation is carried out to the entrance plane 4a of the optical integrator 4 via the optical element 3b 
which mentions later the light-emitting part image 1b formed near [ 2a ] the 2nd focus. The optical element 3b comprises 4 pyramid 
prism which can be inserted and detached from inside of an optical path, and is making a prescribed direction deflect an incoming 
beam. 

[0024]The lens system 3c comprises as exchangeable or a zoom lens (optical means) variable in a focal distance as a lens system 
which differs in a focal distance of that it can insert and detach from inside of an optical path, and others, the optical system 3 is an 
injection side — a call — it is centric. The optical element 3b is located near the pupil surface of the optical system 3. 
[0025]The optical integrator 4 arranges two or more microlenses in two dimensions, constitutes them, and forms a secondary light 
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source near [ the ] the projection surface 4b. 5 is a mirror for optical-path bending. 

[0026]6 is a lens system, condenses the light flux from the projection surface 4b of the optical integrator 4 via the mirror 5, and is 
illuminating the reticle (negative) 7 which is the irradiated plane laid in the reticle stage. 

[0027]8 is a projection optical system and is carrying out reduction projection of the pattern drawn on the reticle 7 on the 9th page of 
the wafer (substrate) laid in the wafer chuck. In this embodiment, the secondary light source near the projection surface 4b of the 
optical integrator 4 is formed near the pupil 8a of the projection optical system 8 of the lens system 6. 

[0028]The projection surface 4b and the reticle side 7 of the optical integrator 4 serve as relation between an image and a pupil 
mutually. The light intensity distribution on the optical integrator 4 supports the intensity distribution characteristics by the angle of 
light flux on the 7th page of a reticle. 

[0029]So, in this embodiment, according to directivity, a resolving line width, etc. of a pattern of the reticle 7, the prism of the optical 
element 3b is selectively changed into an optical path, and the focal distance of the lens system 3c is changed if needed. The light 
intensity distribution of secondary light source images formed in the pupil surface 8a of the projection optical system 8 by this is 
changed, various oblique incidence Lighting Sub-Division is created, and, in high resolution, **** is performing projection exposure. 
[0030]Next, the light intensity distribution of the entrance plane 4a of the optical integrator 4 is changed by using the optical element 
3b and the lens system 3c in this embodiment, and the changing method of the light intensity distribution of secondary light source 
images formed in the pupil surface 8a of the projection optical system 8 is explained. 

[0031]In this embodiment, it has an effective light source of predetermined intensity near an optical axis center on the pupil surface 
8a of the projection optical system 8, And as it had an effective light source (quadrupole Lighting Sub-Division) of the prescribed 
strength of plurality (four) in two or more positions at equal intervals by the circumferencial direction of a predetermined radius 
centering on the optic axis, the 7th page of reticle top was illuminated, and this has attained the illumination A. 
[0032]ln order to obtain the illumination A in this embodiment, the optical element 3b which grows into the position which becomes a 
relation of a pupil to the optical integrator 4 between the light source 1 and the optical integrator 4 from 4 pyramid prism is inserted, 
The angle of a beam of light is controlled by it, and the method of changing the focal distance of the lens system 3c, and adjusting the 
illuminance distribution on the entrance plane 4a (projection surface 3b) of the optical integrator 4 is taken. 

[0033]The optical element 3b which drawing 2 provides between the lens system 3a and the optical integrator 4 in this embodiment, It 
is an explanatory view of the light intensity distribution (illuminance distribution) which constitutes the lens system 3c from a zoom 
lens or an exchangeable lens system, and is formed in an optical path when many things are changed, and the entrance plane 4a 
(projection surface 4b) of the optical integrator 4 in the focal distance. 

[0034]In this embodiment, the light intensity distribution of the projection surface 4b of the optical integrator 4 is changed, and the 
light intensity distribution on the pupil surface 8a of the projection optical system 8 in it and conjugation relation is changed. The lens 
system 3c is making secondary light source images formed in the projection surface 4b of the optical integrator 4 of zooming expand 
and reduce. 

[0035] Drawing 2 (A) shows the state of usual Lighting Sub-Division which is not inserting the optical element (prism) 3b. Since the 
entrance plane 4a of the light source 1 and the optical integrator 4 is in abbreviated conjugation relation, image formation of the 
luminance distribution of the light source 1 is carried out as an image on the optical integrator 4, and it is illuminance distribution as it 
is. Since the luminance distribution of the light source 1 is usually expressed with Gaussian distribution, on the optical integrator 4, 
the light intensity distribution of the Gaussian distribution form which has a peak in a center is acquired. 

[0036]lt is shown that drawing 2 (B) can expand or reduce the image of the light source which carried out image formation on the 
optical integrator 4 by adjusting the focal distance of the lens system 3c. 

[0037] Drawing 2 (C) shows the state where the 4 pyramid-shaped prism three b1 was inserted in the position which will be in the 
state of drawing 2 (A) on a pupil to the optical integrator 4. In this state, a beam of light is bent in respect of [ of four-sided 
pyramids ] each, and four peaks of light intensity appear on the optical integrator 4. Also in this case, each peak is carrying out 
Gaussian distribution form like drawing 2 (A). 

[0038]That is, since the foot of each Gaussian distribution has lapped, near an effective light source center and in the field between 
peaks, light intensity is not 0. In such an effective light source configuration, the illumination system A is constituted by adjusting the 
position (distance from the center of a peak) of a peak and main illumination, and the illumination between peaks to a suitable value. 
[0039]In this embodiment, in order to aajust main illumination and the illumination between peaks, the angle of prism is changed. 
Drawing 2 (D) shows the state where the prism three b2 with a smaller (the height from the bottom to the peak is low) angle was 
installed. If the prism with which angles differ is installed, the angle at which a beam of light bends will change, and the distance of 
each light intensity peaks will change (however, the form of each peak is approximately regulated). If it does so, the lap condition of 
the foot of each peak will change, namely, the illumination between an effective light source center and a peak will also change. For 
example, since the distance of the peaks of intensity distribution has the near direction in the case of drawing 2 (D) when drawing 2 
(C) is compared with drawing 2 (D), main illumination and the illumination between peaks are high. 

[0040]ln this embodiment the value of the illumination between a suitable center and a peak has been obtained by allocating the 
prism of an angle suitable as an optical element using such character. 

[0041]Next, in order to adjust the position of a peak, the zoom mechanism of the lens system 3c is used. The distance from the 
center of the peak of Gaussian distribution is changed without changing most of main illumination and the illumination between peaks 
by adjusting the lens system 3c, as shown in drawing 2 (E). 

[0042] Drawing 2 (F) shows the state where the prism three b3 of the form which was similar to **** dropping ****** or it in each 
ridge line and vertical angle of 8 pyramid form or 4 pyramid form was used as an optical element 

[0043]As form of prism, a thing as shown, for example in drawing 3 is mentioned. Even if it uses the prism of such form, the 
illumination system A can be constituted. 

[0044]In this case, like the prism of the above-mentioned 4 pyramid form, main illumination and the illumination between peaks are not 
adjusted in the lap condition of the foot of the mountain of light intensity, but the independent peak other than the four above- 
mentioned peaks is made in the position between an effective light source center and a peak, and it becomes a system which adjusts 
each illumination by that intensity. The beam of light bent in respect of [ abbreviated 8 pyramid-shaped 3 each is making each peak. 
That is, each field of abbreviated 8-sided pyramids supports the peak of each light intensity on the optical integrator 4. And the 
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intensity of each peak is decided by quantity of the light which passed through the field. In this case, the optic axis of a part and the 
vertical illuminance distribution which insert the surface ratio and the prism of each field of prism determine an effective light source 
configuration. 

[0045]In this embodiment, main illumination and the illumination between peaks are stored within the limits of the suitable value by 
choosing suitable-shaped prism and making into a suitable value light volume which passes through the field. 

[0046]The illumination system A which has desired illuminance distribution on the pupil surface of a projection optical system consists 
of these embodiments by changing the focal distance of the lens system 3c as mentioned above, using polygonal-pyramid prism, such 
as 4 pyramid-shaped prism and 8 pyramid type prism, as an optical element. Since the prism as an optical element in this embodiment 
can be inserted and detached from an optical path, it can switch easily [ other illumination, for example, usual Lighting Sub-Division, 
zona-orbicularis Lighting Sub-Division, etc. ]. 

[0047]It may be made to have a means to move a light source position to an optical axis direction, as the method of fine adjustment 
[ sake / even if it used prism, when desired main illumination and the illumination between peaks are not obtained ]. Since luminance 
distribution can be changed and the form (for example, half breadth etc.) of Gaussian distribution can be changed by moving a light 
source to an optical axis direction, main illumination and the illumination between peaks may be aajusted by it. 
[0048]Next, Embodiment 2 of this invention is described. In this embodiment, compared with Embodiment 1, it differs in that the 
illumination system A is constituted using a transmittance control means by which transmissivity differs selectively instead of prism 
as an optical element, and other composition is the same. 

[0049]The ND filter which had the transmissivity distribution which can be inserted and detached from an optical path, and from which 
transmissivity differs selectively just behind the projection surface 4b of the optical integrator 4 of drawing 1 is allocated, and this 
constitutes the illumination system A from this embodiment. Usually, although the illuminance distribution on the optical integrator 4 
is Gaussian distribution form or uniform form, it performs transmittance control in the Gaussian distribution form, and is making the 
illuminance distribution of the illumination system A. A thing like drawing 4 (B) is used for the transmissivity distribution form of ND 
filter 41 at this time, for example. 

[0050]The numerical value of drawing 4 (B) expresses transmissivity (%). Drawing 4 (A) shows the illuminance distribution of the shape 
of Gaussian distribution on the optical integrator 4. By using together ND filter 41 which had transmissivity distribution like drawing 4 
(B) in such illuminance distribution, the effective light source of illuminance distribution like drawing 4 (C) is formed on the pupil 8a of 
the projection optical system 8. 

[0051] Although a transmission region of ND filter 41 in this embodiment is mainly divided into nine fields and form which has peculiar 
transmissivity for every field is carried out, transmissivity may change continuously. Even when the original form of an effective light 
source is not Gaussian distribution, it can respond by making transmissivity distribution of ND filter 41 into another form. Since this 
filter can also be inserted and detached from an optical path, a change with zona-orbicularis Lighting Sub-Division, other illumination, 
for example, usual Lighting Sub-Division, etc. can be performed easily. A part which inserts this filter may be just before an entrance 
plane of the optical integrator 4. 

[0052]Next, Embodiment 3 of this invention is described. It differs in that the illumination system A is constituted using an adjustment 
device which adjusts an opening diameter and transmission intensity to every piece [ at least ] of each microlens which constitutes 
an optical integrator from this embodiment instead of prism as an optical element compared with Embodiment 1 of drawing 1 , Other 
composition is the same. 

[0053]The optical integrator 4 usually has composition which arranged two or more microlenses 51 in two dimensions, and combined 
them, as shown in drawing 5 . The quantity of the light ejected from each microlens 51 which constitutes the optical integrator 4 from 
this embodiment is separately adjusted with an adjustment device, and illuminance distribution of the optical integrator 4 whole is 
made into the form of the illumination system A as a result. 

[0054]According to this embodiment, the filter 61 which can be inserted and detached, for example from an optical path like drawing 6 
is allocated just behind the projection surface 4b of the optical integrator 4 of drawing 1 . The filter 61 of drawing 6 of the effective 
area product in the position which should have four peaks in the illumination system A is large, and the effective area product in the 
position near an effective light source center and between a peak is small. Naturally the light volume from a large effective area 
product is large, and the light volume from a small effective area product is small. The illuminance distribution of the illumination 
system A has been acquired by equipping with this filter 61 on the optical integrator 61. 

[0055]Also in this case, no matter the original effective light source configuration may be what form, the effective light source of the 
illumination system A can be obtained by adjusting the size of each effective area product Not only a rectangle but what kind of form 
may be sufficient also as the form of an opening. Since this filter can be inserted and detached from an optical path also in this case, 
the change with zona-orbicularis Lighting Sub-Division, other illumination, for example, usual Lighting Sub-Division, etc. can be 
performed easily. The part which inserts this filter may be just before the entrance plane of an optica! integrator. 
[0056] Drawing 7 is some important section schematic views of the optical system of Embodiment 4 of this invention. This 
embodiment allocates in four corners as shown in drawing 8 ahead of the optical integrator 4 instead of the prism as an optical 
element the aperture diaphragm 71 which has an opening compared with Embodiment 1 of drawing 1 , it differs in that the illumination 
system A is constituted, and other composition is the same. 

[0057]According to this embodiment, the aperture diaphragm 71 which had specific aperture shape in the front of the optical 
integrator 4 and the place which kept its distance to some extent is allocated. As form of the aperture diaphragm 71, what has a 
shielding region of a cross-joint form as shown in drawing 8 is used. 

[0058]According to this embodiment, its distance is kept a little and the aperture diaphragm 71 is allocated, just before being the 
entrance plane 4a of the optical integrator 4. If it places immediately before, the portion 72 of a cross-joint form will be shaded 
thoroughly, but a center section is also no longer the illumination 0 by the light around which it will turn if distance is set and installed 
for a while. And as it has a means to move this aperture diaphragm 71 to an optical axis direction, an aperture diaphragm is moved to 
an optical axis direction, and he is trying to adjust main illumination and the illumination between peaks. 

[0059]lf it is considered as a suitable part to allocate this aperture diaphragm 71, there is the neighborhood of the 2nd focal plane 2a 
of the elliptical mirror 2. Since the 2nd focal plane 2a of an elliptical mirror and the entrance plane 4a of the optical integrator 4 are in 
abbreviated conjugation relation, image formation of the image of the aperture diaphragm 71 put on the 2nd focal plane 2a of the 
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elliptical mirror 2 is carried out on the optical integrator 4.Since the image on the optical integrator 4 fades when moving the aperture 
diaphragm 71 to an optical axis direction similarly at this time, this is adjusting main illumination and the illumination between peaks. 
[0060]In this invention, the method of each above embodiment is used independently, and also it may combine mutually, and may 
overlap and use. In these Embodiments 1-4, it is applicable also like the exposure device which used g line and a KrF line other than 
the exposure device which used i line. 

[0061]Next, the embodiment using the projection aligner which explained [ above-mentioned ] of the manufacturing method of a 
semiconductor device is described. 

[0062] Drawing 9 shows the flow of manufacture of semiconductor devices (semiconductor chips, such as IC and LSI, or a liquid 
crystal panel, CCD, etc.). 

[0063]The circuit design of a semiconductor device is performed at Step 1 (circuit design). The mask in which the designed circuit 
pattern was formed is manufactured at Step 2 (mask manufacture). 

[0064]On the other hand, at Step 3 (wafer manufacture), a wafer is manufactured using materials, such as silicon. Step 4 (wafer 
process) is called a previous process, and forms a actual circuit on a wafer with a lithography technology using said prepared mask 
and a wafer. 

[0065]The following step 5 (assembly) is called a post process, is a process semiconductor-chip-ized using a wafer produced by Step 
4, and includes processes, such as an assembly process (dicing, bonding) and a packaging process (chip enclosure). 
[0066]At Step 6 (inspection), an operation confirming test of a semiconductor device produced at Step 5, an endurance test, etc. are 
inspected. A semiconductor device is completed through such a process and this is shipped (Step 7). 

[0067] Drawing 10 shows a detailed flow of the above-mentioned wafer process. The surface of a wafer is oxidized at Step 1 1 
(oxidation). An insulator layer is formed in a wafer surface at Step 12 (CVD). 

[0068]At Step 1 3 (electrode formation), an electrode is formed by vacuum evaporation on a wafer. Ion is driven into a wafer at Step 
14 (ion implantation). A sensitizing agent is applied to a wafer at Step 15 (resist process). At Step 16 (exposure), printing exposure of 
the circuit pattern of a mask is carried out with said explained exposure device at a wafer. 

[0069]The exposed wafer is developed at Step 1 7 (development). Portions other than the developed resist are shaved off at Step 1 8 
(etching). The resist which etching ended and became unnecessary is removed at Step 1 9 (resist removing). A circuit pattern is 
formed on a wafer by carrying out by repeating these steps multiplex. 

[0070]lf the manufacturing method of this embodiment is used, the semiconductor device which is the degree of high integration for 

which manufacture was difficult can be manufactured easily conventionally. 

[0071] 

[Effect of the Invention]Aiming at simplification of the whole illumination-light study system, and effective use of illumination luminous 
flux, when the light source means which emits incoherent lights, such as an extra-high pressure mercury lamp, by setting up each 
element as mentioned above is used according to this invention. The pattern on a reticle side (on 1 negative) can be illuminated 
appropriately, and the manufacturing method of the exposure device with which high resolution was acquired easily, and the device 
using it can be attained. 

[0072]High resolving power and the depth of focus can be raised without generating most problems by oblique incidence Lighting Sub- 
Division especially. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section schematic view of Embodiment 1 of this invention 

[Drawing 2] The explanatory view of some optical paths of drawing 1 , and the light intensity distribution on an optical integrator 

[Drawing 3] The explanatory view of the optical element concerning this invention 

[Drawing 4] The explanatory view of the transmittance control means concerning this invention 

[Drawing 5] The explanatory view of an optical integrator 

[Drawing 6] The explanatory view of the adjustment device concerning this invention 

[Drawing 7] The important section schematic view of Embodiment 4 of this invention 

[Drawing 8] The explanatory view of the diaphragm means concerning Embodiment 4 of this invention 

[Drawing 9] The flow chart of the manufacturing method of the device of this invention 

[Drawing 1Q] The flow chart of the manufacturing method of the device of this invention 

[Drawing 11] The explanatory view of the effective light source image in zona-orbicularis Lighting Sub-Division 

[Drawing 12] The explanatory view of the effective light source image in quadrupole Lighting Sub-Division 

[Drawing 13] The explanatory view of the effective light source image in oblique incidence Lighting Sub-Division 

[Drawing 14] The explanatory view of the resolution and the depth of focus in oblique incidence Lighting Sub-Division 

[Explanations of letters or numerals] 

1 Light source means 

2 Elliptical mirror 

3 Optical system 
3a Lens system 

3b, three b1, three b2, and three b3 Optical element 
3c Optical means 

4 Optical integrator 

5 Mirror 

6 Lens system 

7 Reticle (negative) 

8 Projection optical system 

9 Substrate (wafer) 

41 Transmittance control means 
61 Adjustment device 
71 Diaphragm means 
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»fflt-4«:fcfcJ:oT02 (E) fcijtt J: 5 fc«W>4>Ba 

*? t- 9 <n*?tefr hoSEXkWc^ itX v ^4 . 
[ 0 0 4 2 ] 02 ( F ) k l/C 8a«#tt, 

te-eftfc^fK ltzmt?>7V XL. 3 b 3 £$8! Lfc«» 
£5kLTV>4. 

[0043] xyXA<D®#kLT«\ Wi«H3fc* 
UridfcfcoaaWf&it*. £*)J:$fc#tttf>7yX 
A£«ffl tT AfcflMW* £ k 4 . 

[0044] ZcOHrSli. wm?>4ftffiWfic07VX2» 

fc**. #t-?(iu&8^M»«^-5-n-e f ii<Offit'*fO 
ftff^il!t^* { ^-5T^4. ID*). B&8AHO=&^0 
ffifi. m^/H yrXi/-^4±tfe^T, -til 

4. <r<^£\ x'jx^#ffi^ffl«Jt^xyxA5rif 

A-t 4 flBr <7)3feW k SE^«!SJS^**fir3»3KaW« 
^^St4. 

[0045] 2(s||teJe«lt*<±®« : 5r» : t'c^X 'J XJU SrS 
V. ^H^ji3fi-f43KJISrS!i^ffifc-f4ikfe:j:-5 

x. +4**ai^e-^BRiK*affl^««iBrtwR 

[0046] JiLkO J: a ts«Wt«8rC'tt. 3t^Tk 

lt 4 nnm&T v xj**? s « nsx y XAme&n 
strvx&zmw xvyx7k3 cnnkfismz^th 

Z. b lei oTiS»^3Rwttffi±-C»raosaK#*«r* 
t458PMA£fl|j£LT^4. *^m«ti3(t4 
*9*Fk LT<7)ryXAJ23eS8«t OffK«rigk=Sr-jT 
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t mmz® mi &zt a*t'£ h . 

[ 0 0 4 7 ] X, 7 'J XA fcttffl i J5ra*>+4>SBa 

J: 3 1 IX fcJ*v>. ^JiSr^tt^l^fcii^-r- 1 t«t 0 

%H) *mt^t>ZktfX'*hcr>x\ «Hci-5T + 

[0048] &fc#3&9i<D|li8B!B2 eowrKftt 
4 . *!8tfBB , CligSil0BJB 1 fcib^T s ft**? 1 1 
XrV XAcoftb *) (=a^(3&4WJI&*3£i*M 
«#S £fflv ^T.BSBM A £ fltfi IX ^&&m%iX & 

0. *<Offi«oaWtU|3ItT*6. 

[0049] j&mmxii. m 1 o^-r-r * > 

*^JcaM«OJI**3KMWS*l»-9fcND 7 4 ;u 

xftmmmtm-Kmix'biw. ^natfxwm 
mzm®mm*'n^xmw%A?)fflg.ftmft^x^ 

1. vK0fc#<0ND7^;^41<0jgji$^^K{is 
W*tfH4 (B) Oid&iOSrfflWt^S. 

[ o o 5 o ] H4 ( b ) <D&mim&m (%) t%bi 

X^Z>. 114 (A) IWrf^M^f^^J: 
*^*KE84 (B) <0J:3 ! Srj»W»**»-jfcND7 

a±(cia4 (o nt5%mmx0i*iteim&B&i 

[00 5 1] 3^iBB®tfc{tSND7 4/1^4 lOif 

BW«>aSWtl»-5TV^J:i*»«* I/O**. 9 

CfflttmVXfttt'Z^Zo&St&X't. ND7 4/I/ 
? 4 1 <9aa^tf£JMtf>#ttfcr*- & £ h tc J: -jTHJB 

7*r -r >f^-^4 <ox»ffleirc*>r>T i£ 
[0052] &fc#f&BJ30|l;&fe^3Ko^TIPJl-f 

I. . *mm&xim 1 osobbb i izit<x . x^m 

IXOTV XAoftb 9 fctf 7*f yffv 
-9 imtfLtlZW'bU yXMrtt < 1 1 1 ffl l fflfcJ* 

[00 5 33 sTTf 4*A"f yf-7V-*4tt* 



B9d l&A-£totrzmmz% oTv^s. *XJtiBirc(i 

jj-rr •< yfyu-i f 4imm-h^mhuyx 

5 l#^8*diS;ft.£^:I£fI8#&fcJ:9<I*Kffflg 

[00543 xmrnrnxi,}. m 1 o^r-r < >- 
A<mftWAh<rmmz. mniMemo 

6<7)7 4 /P? 6 1 \m*MA\,zi$tfh4-o<7)\z-'7tfb 

^t'-mn&wizhmnmmM^KZ-ox^z. 

m. *# v*liPlffl*a»&tftfl5»i*& < . /h$ V4BP 

6 1 ±t z coy * tv? 6 1 £§&i-f s i t iz x o sans 

A^S^$:ffTV^. 

[0055] zem&i>. 7zm%)%mmtft'^m 

m*mA<v%mtmmhzkt' i x%h. maomz. 
immzmtz-r, zAjtfflt?i>&\>\ zoa&h. 
z<D7 oimmz wmmx-btnx, mm 
m. MtamimB*mtmm t m mimmz 
mz. x, z<r>7 < iftxi-imnitTT < t 
;w yTfis-fnzMffimx'iymb*^. 
[0056] m7iz*%tycomMBm4cr>]t¥%cr>--u 
fivmwmmx'hh. *mmmim 1 commm 1 

#/m yf/i/-^4 OHirs-(cia8 i a ^4 n 

tBBP*%f 4HIPR0 7 1 &EMLX. mKA»« 
[0057] 2(s^ig^©T'{i;. 5T7-T 4 yrXL' 

-^4omr*. »*s«iBii**jv^d!if(ci*jeoiip» 

«*»->fcHPR0 7 lfcEBW*. BBP«9 7 1«» 

[0058] $mmm?ii. mnm 0 7 1 sr^-rr ^ 

yf/l/-^ '4tf)AStffi4 acoBjifT1i : 2r<. 

Ttt*<*ft. ^^PR0 7 I2r3ttt*f6it 

M**t¥S*<li*J:at:LT. BBP«9*3WWSn*lC 

[0059] dOggPR 0 7 1 *ffiSW-*tf>l3tArarffl 

<r>&mh h . isn $ 2 .m^a 2 a t ^rf ^ 

«0T\ Hn 5 7- 2 23i^ffl 2 a tcS*^c^Pg? 
0 7 1 0{&1±*7*t -* yr-Xv-9A±.\,z^m 
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[0060] *»IHti}^T(i..Ja±^«aBBtt^ 

[0061] KfcJJEKHLfciW»K»K*OT Lfc 
[00623 I29{±^c#t^Mx (ICHSI^) 

*HW(5f- ? r, *ni«iii>t*/n»ccD*) 

70-£^f. 

[0063]Af7 7-l ( ESS^tt ) X'te*m#T'U 

^wmiwm-Mpari. xt<vT2 (ixtim x-\t 

RH- Lfc HW^^ - y*»JK Ljf?X7 fcWW S . 
[0 0 64]-*, Xf773 (-7X^N^jt) T'Ji^'J 

(^xvvro-fe*) ttHrXBfci>Wf#i, mEJBSLfc"? 

±i=IMW>ll]B*#jfc*-*. 
[0 0 6 5] &OXr-y 7*5 («i) li&IUfcuftf 

tt^ 7 1ST* 0, T'y-fcX/yiS (2^ i" 

y?\ ^yf^/) . ^7y-x'y/il 
A) **>:DSfc*tf. 

[0 0 6 6] Af776 (t&E) XUZTv75X'im 

m<v®&zft% o . z o it:xmmxtm#T'U x 

[0067] HI 0Ji±E'7xyNrn-fe^Ol¥iffl : 5r7n 
-Sr^-T. Xf 7/1 1 (Kfl:) -Cii^xy^iSSrK 

xf'/ri 2 (cvd) rii^xyvSBfcte 

[0 0 6 8] 7x77*1 3 (Sfig^fiK) t'ti^xysit; 
WSSHtfcioTJBjSr*. 7T77U4 (4%yft 
a»> ■«i'7x/\fc:-f3i-y£iTfc£tf. Xr-yTl 5 

(WsXhlBM) X'im.^lzmffl\ZWft-t& . 7r 
>yri6 ( B ft ) TttlWaBlfl LfcB3fcSSSfc J: T v 
7. 7 OdJS&y s'7 - y * ?x/ \ fc£tt»fc-f 4 . 

[00 69] 7r'y 7*1 7 (fHR) TtelS* U:^xy\ 
fclB«*4. 7r'yri 8 (x-y^-yT") x-l&mit: 
UitXhWtoMftelMVil. *T'v719 (Vitx 
Ymm) Tlix -y f - y 7W X,T*g fc =5r -> fc U S'** h 

j -5 t >>xy \tizzmz msgy - yWB3LZtl& . 
[0070] #3gjigBJB?)SSii:frffi£ Jflvtfifcf . 



safest ii)^t:-&m&<vm#T^ x 
mtizttfx°%&. 

[007 1] 

^r&ifctlO. S^E*ffi7y7^o^y3h-ix 

^;hb± ( uwsji) zmmzmwi: *n 
mvzr'-v xm&m&msL-th z t tfx-z 4 . 

[0072] »k, flAMMc J: m&tiZKZm 

z^zi£smmviiummzfi±.%#& zttfx-* 
4. 

[Hi 3 i osammBi 

[12 J BM^ffl}:*7f^M>fy' 

c h 3 3 *«HHicffi &%&m=F<?)mfm 

[04 3 *HB8^S3»*iHffll#SOiiiBJ0 
[15 3 ^rr^/MyrTV-^OSiBJ!! 

ti63 mmmivmmmm 

[17 3 *lB«i4 OS8NKI6BI 

[18 3 *m^tmm4iz&hm*mmm 

[19 3 *^B8<Dry<W 7WSSJ£#£07 

[1103 *$ffiOr>U 7tf3SSJt*S07n-f-v 
-h 

[1113 H^BBtisftS^^ffiwiiBBl 

[11 2 3 4 SffiB|BHti5ftS*«!8K»«coiiBBE 

[113 3 «7JMWKfc»tft1W!ft3Ki««)RIBBS 

[114 3 »AflfiH«tfe»till{l^k«USa!«i: 
<OSJ0J1 

1 

.2 
3 

3 a 

3b, 3bl, 3b2, 3b3 

3 c 

4 ^7f^;l"f>'fy'l'-^ 
5 

6 

7 ^7;l- (MS) 
8 

9 aHKOxvN) 

4 i aft¥M*^g 
6 1 mm-m 
7i 
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